This study assesses the pre-service teachers' self-reported future intentions to use technology in Singapore and Malaysia. A survey was employed to validate items from past research. Using the Technology Acceptance Model (TAM) as a research framework, 495 pre-service teachers from Singapore and Malaysia responded to an 11-item questionnaires containing four constructs: intention to use (ITU), attitude towards computer use (ATCU), perceived usefulness (PU), and perceived ease of use (PEU). Structural equation modelling (SEM) was employed as the main method of analysis in this study. A multi-group analysis of invariance was performed on the two samples. The results show that configural and metric invariance were fully supported while scalar and factor variance invariance were partially supported, suggesting that the 11-item measure of the TAM may be robust across cultures and that the factor loading pattern and factor loadings appeared to be equivalent across the cultures examined. While all the paths in the structural model were significant, the variance accounted for in the dependent variable (ITU) was much larger in the Malaysian sample relative to the Singaporean sample.
Introduction
For many decades, researchers have been interested to understand how users' beliefs and attitudes affect their technology usage behaviour (e.g., Davis, 1989; Davis, Bagozzi, & Warshaw, 1989; Dishaw & Strong, 1998; Taylor & Todd, 1995; Venkatesh & Davis, 2000) . From these efforts, the Technology Acceptance Model (TAM) was specifically designed to predict computer usage behaviour. Since it was developed in 1989, the TAM has become one of the widely used and tested models in technology acceptance research and has been validated (Adams, Nelson, & Todd, 1992; Davis et al., 1989; Venkatesh & Davis, 2000) across genders (Yuen & Ma, 2002) and cultures (Straub, Keil, & Brenner, 1997) .
Introduced and developed by Davis (1989) , the TAM addresses the issue of how users accept and use a technology. In the model, two variables, perceived usefulness and perceived ease of use, are hypothesized to be the fundamental determinants of user acceptance. Given its origins in the business and commercial settings, the TAM has had limited applications in the educational contexts. Among educational technology users, teachers form the large majority as they act as drivers in the effective integration of technology for teaching and learning in the schools (Teo, 2006 (Teo, , 2008b . With greater interests shown by many education systems in harnessing the affordances of technology to enhance and transform teaching and learning in most parts of the world, increasing attention is given to understanding what drives teacher's intention to use technology along with the increasing recognition of the pivotal role that teachers play in ensuring effective integration of technology in education. For this reason, our study attempts to examine whether TAM is a valid model to predict the use of technology among pre-service teachers.
Recent research has shown that the TAM has been used as the framework to study students' satisfaction with online learning (Drennan, Kennedy, & Pisarksi, 2005) , students' acceptance of an online course companion site of a textbook (Gao, 2005) , the effect of technical support on students' acceptance towards WebCT (Ngai, Poon, & Chan, 2007) , and the attitudes of pre-service teachers towards the use of technology in education (Teo, 2008a (Teo, , 2009 ). However, several limitations were identified by meta-analyses of TAM studies. For example, Lee, Kozar, and Larsen (2003) reported that, among other issues, many studies had relied on one sample and did not consider cultural differ- ences. Taking these issues into consideration has the potential to generate a broader view and a better explanation of technology adoption (Legris, Ingham, & Collerette, 2003) . Hence, in this study, we examine the validity of the TAM across two samples of difference cultures by assessing the measurement and structural invariance of the TAM, using multi-group invariance analysis.
Applications of the Technology Acceptance Model (TAM) in educational settings
The origins of the TAM were based on the Theory of Reasoned Action (TRA; Ajzen & Fishbein, 1980) which described how users' beliefs and attitudes are related to individuals' intentions to perform. According to the TRA, attitude toward a behaviour (e.g., computer use) is determined by behavioural beliefs about the consequences of the behaviour and the affective evaluation of those consequences on the part of the individual. In this case, beliefs are defined as the individual's estimated probability that performing a given behaviour will result in a given consequence. However, the TAM is less general than the TRA in that the former was designed to apply to computer usage behaviour .
The TAM is a parsimonious model that represents the interaction among personal beliefs, attitudes, and intentions to use computer technologies. Two beliefs were named the primary predictors of attitudes towards technology use and intention to use technology: perceived usefulness and perceived ease of use. Perceived usefulness is the user's subjective belief that using a technology application/system will increase or improve one's job performance and productivity. Perceived ease of use refers to the user's belief that the use of technology will be free of effort. Since the early years, these two predictors have been shown in the literature to be statistically significant constructs in the TAM (Davis, 1989; Larcker & Lessig, 1980) . Recent studies employing the TAM as the framework have also showed perceived usefulness and perceived ease of use to be significant predictors of attitude towards technology use and intention to use (Cheung & Huang, 2002; Teo, 2008a; Teo, Lee, & Chai, 2008) .
A possible reason for the relatively limited applications of the TAM in educational settings may be explained by the ways teachers interact with technology, compared to technology users in the business settings. Generally, teachers have independence over their teaching activities, which include the type of and manner in which technologies are used. Hu, Clark, and Ma (2003) added that because schools have fundamentally different objectives compared to business organizations, there is less peer competition among teachers in the use of and access to technology resources.
Culture and ICT
The rapid penetration of ICT into education has raised vital questions about the impact of culture on ICT use and acceptance (Holmes, 1998; Li & Kirkup, 2008) . Collins (1999) reported that culture is a key factor in a user's acceptance and adoption of technology based resources. Older studies such as those by Omar (1992) found that college students' attitudes towards computers differed significantly between two countriesthe United States and Kuwait. College students from the United States possessed better attitudes towards computer. Similarly, when comparisons were made between American and Soviet children in terms of their computer attitudes, they found that the children had different type of exposure to computers because of the different computer education implemented in both countries (Martin, Heller, & Mahmoud, 1992 ). Another example of a cross-cultural study between Chinese and British female students demonstrated the influence of culture on computer and Internet technology (Li, Kirkup, & Hodgson, 2001 ). The authors found that Chinese female students had less computer experience and the Internet, but had higher level of confidence in programming and systems technology than their British counterparts.
Recent studies continue to provide evidence that suggest culture to be a significant factor in explaining why respondents from different cultures react differently to technology (Li & Kirkup, 2008) . Other research also found that cultural adaptation is important in relation to global consumer acceptance of international websites among three distinct cultures, Brazilians, Germans and Taiwanese (Singh, Fassott, Chao, & Hoffmann, 2006) . In conclusion, cross-cultural comparison studies are important to give a better understanding of the technology usage among users who are from various cultural backgrounds (Li & Kirkup, 2008 ).
ICT training for pre-service teachers in Singapore and Malaysia
In recent years, both the Singaporean and Malaysian governments have paid much attention to ensure that school teachers are proficient in integrating ICT in the teaching-learning process. Currently, there is one teacher training institution in Singapore and more than 30 teacher training institutions in Malaysia which are geographically distributed across the country.
At present, there are two kinds of entry mode into a teaching programme in Malaysia. Those who have completed the matriculation or pre-university (Form 6) programmes are eligible to apply for such a programme. All Malaysian pre-service teachers are exposed to at least one discrete ICT course which exposes them to productivity tools such as word processing, presentation, database and spreadsheet. They are also taught how to create their own homepage, surf the Internet to access information and use the e-mail. The teaching-learning process is usually conducted in computer laboratories where everyone has access to a computer with Internet access. Pre-service teachers are assessed mainly through hands on assignments in such discrete courses.
In the case of Singapore, pre-service teachers are offered ICT courses at the sole teacher education institute. Organised into core and elective courses, these are designed to allow pre-service teachers to develop their skills in the use of ICT in teaching and learning. All pre-service teachers enrol in the core course entitled ''ICT for Engaged Learning". It exposes the participants to the principles and practice of integrating ICT in classroom teaching and learning, with due pedagogical considerations on the planning, implementing and classroom management processes. In addition, pre-service teachers may enrol in elective courses to learn about using ICT as a cognitive tool or computer-supported collaborative learning. It is, therefore, clear that teachers from both these countries are exposed to ICT literacy differently. For this reason, it may influence the way they thing about, feel about and view ICT.
Purpose of the study
This study attempts to address the aforementioned limitations cited by Lee et al. (2003) by examining whether the TAM is a valid model to predict the intention to use technology among pre-service teachers. Next, this study examines the validity of the TAM across two sam-ples of different cultures (Singapore and Malaysia). This is done by assessing the measurement and structural invariance of the TAM, using multi-group invariance analysis. By comparing samples from two different cultures, the findings of this study have the potential to deepen our understanding of the TAM, which is predominantly applied to single-sample and single-culture studies. Fig. 1 shows the TAM and the research model of this study.
Methodology
Data collected from this study was analysed using structural equation modelling (SEM). In particular, multi-group analyses were performed to compare the findings from two distinct groups (Singapore and Malaysia). From the literature, researchers conduct multi-group analyses to compare a model development sample with a model validation sample, compare a treatment group with a control group in an experiment, comparing an earlier sample with a sample at a later time in longitudinal studies, compare samples in cross-sectional studies (e.g., males vs. females). In addition, two main types of multi-group analysis are reported: measurement invariance or structural invariance across groups. In this study, tests of measurement and structural invariance of the TAM using two samples from different cultures are performed.
The purpose of conducting tests of invariance generally falls into one of five questions (Byrne, 2001) . First, do the items that comprise an instrument operate in similar ways across different populations (e.g., gender, age, ability, culture)? In other words, researchers are interested to know if the measurement model groups are invariant. Second, is the factorial structure or construct equivalent across populations? For this question, the invariance of the structural model is of primary interest, referring to the extent to which the relationships among the constructs are equivalent. Third, are the paths in the specified causal structure invariant across populations? Fourth, are the latent means of particular constructs in a model invariant across populations? Finally, does the factorial structure of a measuring instrument replicate across independent samples of the same populations? The focus of this last question is on cross-validation.
When measurement invariance is established, we have confidence that the factor loadings of indicator variables on their respective latent factors do not differ significantly across groups or remain constant across groups or over time. Otherwise, the meanings of the factors will differ substantially although the researcher may retain the same factor label. Measurement invariance often proceeds with varying degrees of stringency, for example, invariance may be tested on a number of factors, as well as testing for invariant factor loadings, and for invariant structural relations among the latent variables. Occasionally, a test for equality of error variances and covariances across groups, although these tests are considered to be excessively rigorous (Byrne, 2001) . In testing for multi-group invariance, the one-sample models are tested separately first to provide an overview of how consistent the model results are. If consistency is found, then multi-group testing proceeds. First, a baseline v 2 value is derived by computing model fit for the pooled sample of all groups. Second, constraints are added to various model parameters to be equal across groups and the model is fitted, yielding a v 2 value for the constrained model. This is followed by a chi-square difference test to see if the difference between the constrained-equal and unconstrained models is significant. If it is not significant, it is concluded that the constrained-equal model is the same as the unconstrained multi-group model, leading to the conclusion that the model does apply across groups and does display measurement invariance.
Based on an extensive review of the literature, Vandenberg and Lance (2000) proposed that configural, metric and scalar invariance should be established before comparisons across groups can be meaningful (Hong, Malik, & Lee, 2003; Meredith, 1993; Steenkamp & Baumgartner, 1998 ). These recommendations were followed by Hair, Black, Babin, Anderson, and Tatham (2006) who advised researchers to establish configural invariance, when conducting studies involving two or more different cultures. In addition, Hair et al. also suggested examining whether (1) the rating scales are used similarly in different cultures (metric invariance) and (2) the quantifiable meanings of the scale are the same across cultures (scalar invariance). Finally, factor variances could be examined to establish the equality of the relationship between latent factors (structural invariance).
Configural invariance
Configural invariance is satisfied when the basic model structure (i.e. the pattern of fixed and non-fixed parameters) is invariant across groups. This initial baseline model has no between-group invariance constraints on estimated parameters. As such, different parameter values may exist across groups. As it provides the basis for comparison with all subsequent models in the invariance hierarchy, the configural invariance model is of critical importance. Therefore, if the data does not support identical patterns of fixed and non-fixed parameters across the groups (configural invariance), then neither will the data support more restrictive models (Bollen, 1989) .
Metric invariance
The purpose of testing for metric invariance is to ensure that different groups respond to the items in the same way so that we may compare ratings obtained from different groups in a meaningful way (Hair et al., 2006; Steenkamp & Baumgartner, 1998) . Practically, metric invariance allows researchers to compare the strength of relationships between constructs from one group to another. At this stage, the model with metric invariance is more restrictive than the baseline model. The test of metric invariance is conducted by constraining the factor pattern coefficients (loadings) to be equal across groups because the pattern coefficients carry the information about the relationship between latent scores and observed scores. When metric invariance is established, the different scores on the item can be meaningfully compared across groups, that is, observed item differences indicate group differences in the underlying latent construct (Steenkamp & Baumgartner, 1998) .
Scalar invariance
When mean comparisons in latent constructs across groups are made, scalar invariance is required (Meredith, 1993) . Scalar invariance means that the amounts of a construct (i.e. mean) have the same meaning between the different samples being considered. In practical terms, a score of 4.5 in one culture would be also expressed as a 4.5 in another culture. From the theoretical perspective, scalar invariance exists when the intercept terms for each measured variable are invariant between groups being studied. As such, scalar invariance is tested by constraining the intercepts of items to be the same across groups. Failure to satisfy the scalar invariance condition is indicative of potential measurement problems (e.g., bias).
Model evaluation criteria
In structural equation modelling (SEM), the match between any particular model and the data is assessed by using several goodness-offit indexes. In addition to the use of the v 2 test, which is highly sensitive to sample size, the ratio of v 2 to its degree of freedom was computed (v 2 /df) is used, with a value of not more than 3.0 is being indicative of an acceptable fit between the hypothetical model and the sample data (Carmines & McIver, 1981) . At the same time, other fit indices are also considered when making comparisons to the baseline model. Following recommendations by Hu and Bentler (1999) and Schreiber, Nora, Stage, Barlow, and King (2006) , the root mean square error of approximation (RMSEA) was used as measure of absolute fit and the Comparative Fit Index (CFI) and Tucker-Lewis Index (TLI) as indices of incremental fit. From the literature (e.g., Hair et al., 2006 ) values of .90 or more for the CFI and TLI, and values of .08 or less for RMSEA are reflective of a good fit. At each level of invariance test, if the null model is not rejected, the results indicate that the restriction of the parameters did not result in a solution that was worse than the baseline model.
Participants
The participants for this study comprised 250 (175 females and 75 males) and 245 (183 females and 62 males) pre-service teachers in Singapore and Malaysia respectively and all of them owned a computer at home. Participants were recruited at a teacher training institute in their respective country. No course credits or rewards were given to the participants in this study. Prior to completing the questionnaire, all participants were briefed on the purpose of this study and their rights not to participate in the study during or after the study. On average, each participant took not more than 20 min to complete the questionnaire. Details of the participants are shown in Table 1 .
Measures
A survey questionnaire was administered to the participants who volunteered for this study. Apart from providing their demographic information, participants responded to 11 statements on Perceived usefulness (three items), Perceived ease of use (PEU) (three items), Attitude toward computer use (ATCU) (three items), and Intention to use (ITU) (two items). These items were rated on a five-point Likert scale, ranging from 1 -strongly disagree to 5 -strongly agree. All participants in Singapore and Malaysia answered the questionnaire in English. Table 2 shows the items and the sources from where they were adapted for this study.
Results
In this section, we first present the descriptive statistics to indicate the general responses to the constructs measured. Next, for comparison across groups and on two or more different cultures to be meaningful, we also examine (1) whether the pattern of fixed and non-fixed parameters are similar in the two cultures (configural invariance), (2) whether the rating scales are treated similarly in different cultures (metric invariance) and (3) whether the quantifiable meanings of the scale are the same across cultures (scalar invariance). Finally, factor variances are examined to establish the equality of the relationship between latent factors (structural invariance). Table 3 shows the mean scores of PU, PEU, ATCU and BI. All mean scores were greater than 3.0, ranging from a low of 3.69 to a high of 4.46. This indicates an overall positive response to the constructs. The standard deviations for all variables were less than one and this indicates that the item scores were around the mean scores. Significant differences were detected between the Singaporean and Malaysian preservice teachers for all constructs except for BI.
Because the maximum likelihood estimation procedures were used in this study, it is important that the normality assumption is not severely violated (Curran, West, & Finch, 1996) . Following the guidelines of severe nonnormality (i.e. skewness > 3; kurtosis > 10) proposed by Kline (2005) , the values in Table 4 fall well within the guidelines and could be regarded as fairly normal for further analyses. Fornell and Larcker (1981) listed three procedures to assess for convergent validity. These are item reliability of each measure, composite reliability of each construct, and the average variance extracted. Hair et al. (2006) suggested that an item is significant if its factor loading is greater than 0.50. As shown in Table 5 , the factor loadings of all the items in the measure range from 0.70 to 0.88, thus meeting the threshold set by Hair et al., and demonstrating convergent validity at the item level. At the construct level, Hair et al. recommended that the composite reliability should be used in conjunction with SEM to address the tendency of the Cronbach's alpha to understate reliability. For composite reliability to be adequate, a value of .70 and higher was recommended (Nunnally & Bernstein, 1994) . The final indicator of convergent validity is the average variance extracted, which measures the amount of variance captured by the construct in relation to the amount of variance attributable to measurement error (Fornell & Larcker, 1981) . Convergent validity is judged to be adequate when average variance extracted equals or exceeds 0.50 (i.e. when the variance captured by the construct exceeds the variance due to measurement error). As shown in Table 5 , the convergent validity for the proposed constructs of this study is adequate.
Convergent validity

Discriminant validity
Discriminant validity measures the extent to which constructs differ. Fornell, Tellis, and Zinkhan (1982) states that discriminant validity is considered adequate when the variance shared between a construct and any other construct in the model is less than the variance that construct shares with its measures. The variance shared by any two constructs is obtained by squaring the correlation between the two constructs. The variance shared between a construct and its measures corresponds to average variance extracted. As such, discriminant validity was assessed by comparing the square root of the average variance extracted for a given construct with the correlations between that construct and all other constructs. Table 5 shows the correlation matrix for the constructs. The diagonal elements have been replaced by the square roots of the average variance extracted. For discriminant validity to be judged adequate, these diagonal elements should be greater than the off-diagonal elements in the corresponding rows and columns. Discriminant validity appears satisfactory for all constructs. This indicates that each construct shared more variance with its items than it does with other constructs. Having achieved discriminant validity at both the item and construct levels, the constructs in the proposed research model are deemed to be adequate.
Since this study employed a single data collection method, a test was performed to investigate the presence for common method variance. Podsakoff and Organ (1986) suggested conducting an unconstrained, single factor analysis for models that intend to measure multi- 
Table 4
Mean, standard deviation, skewness and kurtosis of the scale items.
Overall sample (n = 495) Singapore (n = 250) Malaysia (n = 245) Notes: M = mean; SD = standard deviation; Sk = skewness; K = kurtosis.
ple constructs. A dominance of one factor would suggest that items were related due to common method variance. We conducted an unconstrained, single factor analysis and the total explained variance by the three retained factors (using a minimum eigenvalue of one) was 73% and the first factor accounted for 25% of the variance. Since multiple factors were retained and the first factor did not dominate the variance, it was concluded that the common method variance was not detected.
Multi-group analyses of invariance
Various multi-group analyses were performed using AMOS 7.0 (Arbuckle, 2006) . Estimation for each analysis was performed using maximum likelihood and based on a covariance matrix. Tests for the measurement (configural, metric, and scalar) and structural invariance were performed separately. The measurement invariance tests were performed using the following hierarchical ordering of nested models: configural invariance, metric invariance, and scalar invariance, using several model fit indices. The results for each invariance test are explained by the change in the v 2 value (Dv 2 ) as the index of difference in fit. However, the use of Dv 2 has been criticized because of its sensitivity to sample size (Brannick, 1995; Cheung & Rensvold, 2002; Kelloway, 1995) . Recently, Cheung and Rensvold provided evidence that DCFI was not prone to these problems. On the basis of extensive simulations they also determined that a DCFI value higher than .01 was indicative of a significant drop in fit. Before proceeding to test for invariance, the model fit for the pooled sample and separate samples for Singapore and Malaysia was tested. The results revealed evidence of a good fit of the model to the data (Table 6 ). Following this, various tests of invariance were performed.
Test of configural invariance
In a multi-group analysis of invariance, the first step is to determine a baseline model. The creation of the baseline model involved testing all of the hypothesized relationships in the theoretical model (Fig. 1) using the entire ''pooled" sample (i.e. both the Singapore and the Malaysian samples). This baseline model is also known as the configural model and is evaluated based on its goodness-of-fit indices to determine if the model was a good representation of the hypothesized relationships (Hu & Bentler, 1999 FL: factor loading extracted using PCA with varimax rotation. CR: composite reliability. This is computed by (
. AVE: average variance extracted. This is computed by adding the squared factor loadings divided by number of factors of the underlying construct. invariance is attained and provides support that the pattern of fixed and non-fixed parameters in the research model is identical for the Singapore and Malaysian samples. The parameters estimates for both samples are shown in Table 6 .
Test of metric invariance
To test for metric invariance, the factor pattern coefficients were constrained to be equal. These constraints increased the v 2 value from 135.582 to 147.955, gaining seven degrees of freedom. Because the metric invariance model (Model 2) is nested within the baseline model (Model 1), a v 2 difference test was performed. Given that the v 2 difference of 12.373 with seven degrees of freedom was not statistically significant at a = .05, metric invariance was supported (see Table 7 ). Although the v 2 difference test is widely used to compare the fit of nested models, researchers have advised using other fit indices to evaluate model fit as well (Anderson & Gerbing, 1988; Marsh & Grayson, 1990; Steenkamp & Baumgartner, 1998) . In this study, NNFI, CFI, and RMSEA were also considered in addition the v 2 difference test. Having considered the above evidence, metric invariance across the Singaporean and Malaysian samples is supported (Table 8) .
Test of scalar invariance
With the support of metric invariance model (Model 2), scalar invariance was tested by constraining the intercepts of the 11 indicators to be the same across the two samples. A v 2 difference test was performed comparing the scalar invariance model (Model 3) and the metric invariance model (Model 2). Because the v 2 difference was statistically significant at a = .05 (v 2 = 25.117, with 11 degrees of freedom), scalar invariance was not supported (see Table 7 ). By constraining the intercepts to be equal, the NNFI, CFI, and RMSEA also deteriorated (Table  7) . To identify those indicators whose intercepts are not invariant, a strategy suggested by Byrne (2001) was used. This involved testing all the items at the scale level. On finding noninvariance, the items are examined at the subscale level, and where evidence of noninvariance is found, the intercept will be examined at the item level. This process revealed that the intercepts of items PEU3 and item ATCU1 had contributed to the significant increase in v 2 value. Relaxing these two constraints yielded substantial and statistically significant improvement in fit as compared to the full scalar invariance model. Following the suggestion by Hair et al. (2006) that there should at least two invariant items for each factor to meet the requirement of partial invariance, this partial scalar invariance model (Model 4) was evaluated against the metric invariance model (Model 2), using the v 2 difference test. Because the v 2 difference (16.690, with nine degrees of freedom) was not statistically significant at a = .05, partial scalar invariance was supported (see Table 8 ). Partial scalar invariance also yielded a substantial improvement in RMSEA and NNFI as compared to the full scalar invariance model (see Table 7 ). On the recommendations by Byrne, Shavelson, and Methuén (1989) and Steenkamp and Baumgartner (1998) that full metric/scalar invariance is not necessary for further tests of Notes: Configural invariance (factor pattern equal); metric invariance (factor loadings equal); scalar (item intercept equal); factor variance invariance (structural paths equal). invariance and substantive analysis (such as comparisons of factor means), provided that at least one item (other than the one fixed at unity to define the scale of each latent construct) is invariant, the analysis of factor variance was conducted on the basis of the partial scalar invariance.
Test of factor variance invariance
To test for factor variance invariance, the variances of each of the three factors in the research model were constrained to be equal. A v 2 difference test was performed comparing the factor variance invariance model (Model 5) and the partial scalar invariance model (Model 4).
Because the v 2 difference was statistically significant at a = .05 (v 2 = 29.945, with four degrees of freedom), factor variance invariance was not supported (see Table 8 ). In addition, by constraining the factor variances to be equal, the NNFI, CFI, and RMSEA deteriorated substantially (Table 7) . Following Byrne's (2001) suggestion to identify the noninvariant path resulted in b1 being freed. Relaxing this constraint yielded a statistically significant improvement in fit as compared to the full factor variance invariance model. Evaluating this partial factor variance invariance model (Model 6) against the partial scalar invariance model (Model 4) using the v 2 difference test, a non-statistically significant v 2 difference (3.978, with three degrees of freedom) was found, supporting partial factor invariance (see Table 8 ).
Discussion
This study attempts to examine the validity of the TAM in an educational context by exploring the intention to use (ITU) computers among pre-service teachers in Singapore and Malaysia. The results show that the TAM is a parsimonious model that explains 8% and 53.7% of the endogenous variable (ITU) for the Singaporean and Malaysian sample respectively (Table 6 ). In addition, the parameters estimates for path ATCU ? ITU is smaller for the Singapore sample (.383) compared to the Malaysian sample (.896). While the variance accounted for by the exogenous variables on ITU for the Malaysian sample is more than half (53.7%), this is not the case for the Singaporean sample (8%).
A possible reason for these differences could be due to the levels of attitudes and perception of computer use that was held by both samples. The mean scores of all exogenous variables for the Malaysian pre-service teachers were significantly higher than those of the Singaporean pre-service teachers (Table 3 ). The Malaysian pre-service teachers had more positive attitudes towards computer use than those of the Singaporean pre-service teachers. They also perceived computers to be easier to use and more useful. Alternatively, this difference could be attributed to the timing of the data collection. The Malaysian pre-service teachers completed the questionnaire immediately after completing the discrete ICT course which exposed them to the functions of specific IT tools (e.g., MS Office). Their Singaporean counterparts, however, had completed the questionnaire during a session in which the use of ICT in pedagogy was taught. Hence the aforementioned variance could be accounted by the extent to which participants had been exposed to the actual functions of ICT tools prior to data collection in this study.
It is important to note that the relationship between ATCU and ITU has been found to be influenced by the user's volition. Venkatesh, Morris, Davis, and Davis (2003) suggested that attitude towards computer use acts as a significant predictor of the intention to use when the use of technology was perceived by the user to be volitional. In other words, users' intention to use technology was significantly influenced by their attitude towards computer use when they feel that they had a choice with to use or not to use technology.
It was possible that the Singaporean sample had perceived that the use of technology to be driven by professional duty. Such perception may have been shaped by a strong encouragement to use technology during teacher training through (1) attendance at compulsory course in using ICT for teaching and learning, (2) using technology for term papers and working documents, and (3) relying on e-learning portals for information retrieval and course administration. Having experienced the above, the Singapore sample may have come under the impression that the use of technology was largely 'mandatory' and under these circumstances, their attitudes towards computer use did not affect intention to use to a large degree relative to the Malaysian sample (Table 6 ). On the other hand, the Malaysian sample was trained in a different learning environment than that of their Singaporean counterparts. They were enrolled in a discrete ICT course where they were exposed to new ICT knowledge and skills. In terms of their assessment, almost 50% of their exercises completed during their laboratory sessions were not graded. It was possible that, in such learning environment, the Malaysian sample felt that they had more control (volition) over how technology could be used for teaching and learning, relative to their Singaporean counterparts.
This study assesses the configural, metric, scalar, and structural weights (factor variance) invariance of the TAM across two cultures, Singapore and Malaysia, using multi-group analysis. The first three invariance tests relates to the measurement aspects of the TAM, while the test of factor variance invariance attempts to establish the equivalence of the structure (i.e. relationship among perceived usefulness, perceived ease of use, attitude toward computer use, and intention to use) of the TAM across two cultures. The results in this study suggest that the 11-item measure of the TAM may be robust across cultures. The full configural and metric invariance, and partial scalar invariance obtained in this study indicate that the factor loading pattern and factor loadings appeared to be equivalent across the cultures examined. This suggested that: the 11-item scale might be used to make comparisons between samples gathered in different national cultures, and that there was no evidence that the measures of the component factors were not comparable across the national cultures examined. However, the structural weights were not equivalent across all the two samples. It was found that attitude towards computer use a lower structural weight in the Singaporean sample compared to the Malaysian sample.
In examining the relationships among the constructs in the TAM, this study found that perceived usefulness and perceived ease of use, and attitude towards computer use were key determinants of behavioural intention. It is interesting to note that the relationship between attitude toward computer use and intention to use in this study does not support the view of Davis et al. (1989) who stated that the role of attitude was only modest in predicting technology acceptance. They claimed that users may use a technology even if they do not have positive attitudes toward technology per se as long as it is perceived to be useful or and easy to use in ways that enhance their productivity. However, the results of this study and evidence from recent studies found that attitude toward computer use does play a role in determining the intention to use technology (e.g., Athiyaman, 2002; Teo, 2008b) .
Our results yield several implications for teacher educators and administrators. Firstly, as perceived usefulness and perceived ease of use do not remain static, and are subject to situational influences, teachers who perceive technology to be useful and easy to use may soon experience limitations if they do not keep abreast with advances in the relevant technologies. For teachers to continue developing their knowledge and skills in the use of emerging technologies for teaching, teacher training institutions could perhaps design and develop more relevant professional development courses for teachers. In addition, teachers may develop feelings of insecurity when their students, who are mostly digital natives (Prensky, 2001 ), appear to be more technologically savvy than their teachers. This observation was supported by Sugar, Crawley, and Fine (2004) who found that, after technology had been integrated into the classroom, students exhibited an increased expectations for the use of technology in future lessons. For example, students expected teachers to 'entertain' them with sophisticated tools and techniques. There is definitely a need to equip teachers to the level that they can deal with digital natives effectively. However, it needs to be acknowledged that the education community is still undecided whether to accept the new digital generational divide as there is no clear evidence to support the differences between digital natives and digital immigrants (Cruey, 2008) .
Teacher training program should consider providing pre-service teachers with tools and experiences that will be used regularly in their future job as a teacher as teaching has became a highly complex activity in this knowledge economy (Teo et al., 2008) . In the case of attitude formation, when teachers are supported by effective support structures that provide them with successful experiences in technology, they would be more likely to develop positive attitudes toward computer use which in turn reinforces their intention to use technology over time.
Limitations
This study has several limitations. First, convenience sampling was employed in each country and it was difficult to ascertain if selfselection existed. This was especially so with the Malaysian sample because there are several teacher-training institutions in the country, most of which were geographically distributed, compared to the Singaporean sample that was drawn from the sole teacher training institute. Second, pre-service teachers were used as participants in this study and they may not fully appreciate the demands and stress that practicing teachers experience in terms of how technology integration is carried out in schools. This is an important consideration given that the consequences for inadequate technology integration are borne by practicing teachers and their students.
Finally, pre-service teachers and practicing teachers use technology in different ways. The former uses technology mainly for learning while the latter uses technology as part of their professional duties. For example, pre-service teachers face less pressure to ensure that technology is used while practicing teachers often need to incorporate technology into their teaching and learning. These activities involve large amounts of effort, time, and training on the part of the teachers. Such 'volitional' and 'mandatory' use of technology by pre-service and practicing teachers respectively has been found to influence teachers' views of technology usage as a whole (e.g., Legris et al., 2003) .
Conclusion
For the past two decades, numerous studies using the TAM as a research framework have been conducted and many of these included sample across cultures and nationalities. However, few have included multi-group invariance analysis to ensure that the measurement items used in their studies were equivalent so that meaningful comparisons across cultures could be made. The few studies that have tested the TAM for invariance were mainly single-sample studies that did not include samples from different cultures. For example, Deng, Doll, Hendrickson, and Scazzero (2005) tested the structural invariance of the TAM across four subgroups of software application users drawn from a single sample to examine the relationship among perceived usefulness, perceived ease of use, and behavioural intention to use technology. In another study, Lai and Li (2005) investigated the TAM for its invariance across different respondent subgroups in banks to ensure that different sample profiles would not have a negative effect on the findings. By testing the measurement and structural invariance across two culturally-different sample, this study contributes to our understanding of the relative efficacy of PU, PEU, and ATCU in predicting the intention to use (ITU) technology in education settings, while at the same time addressing the gaps identified by Lee et al. (2003) who found that majority of the TAM studies to be over-reliant on the use of single samples and did not consider cultural differences.
